Objective-To assess the degree of agreement between the fetal echocardiographic and postmortem examination of hearts from fetuses with severe malformations of the tricuspid valve.
Abstract
Objective-To assess the degree of agreement between the fetal echocardiographic and postmortem examination of hearts from fetuses with severe malformations of the tricuspid valve.
Design-A retrospective study to analyse echocardiographic recordings and make comparisons with postmortem findings.
Setting-Tertiary referral centre for fetal echocardiography. Institute for cardiac morphology.
Patients-19 cases shown to have severe malformation of the tricuspid valve by fetal echocardiography that died in the prenatal or neonatal period.
Main outcome measures-Correladons between morphology and measurements made at echocardiography and necropsy.
Results-The echocardiographic diagnosis was Ebstein's malformation in seven and tricuspid valvar dysplasia in 12 fetuses. These findings were confirmed in six and eight cases at necropsy. In one false positive diagnosis of Ebstein's malformation, necropsy showed dysplasia of the leaflets of the tricuspid valve without displacement. In four cases with the echocardiographic diagnosis of valvar dysplasia, necropsy showed displacement, the hallmark of Ebstein's malformation. Associated malformations that are known to worsen prognosis were predicted correctly by echocardiography. Taking the mean duration of four weeks between echocardiographic and postmortem investigations, both methods showed cardiomegaly causing lung hypoplasia, right atrial dilatation, and relative hypoplasia of the pulmonary trunk (Br Heart J 1992;68: It is now well recognised that echocardiography can diagnose structural heart disease with great reliability during fetal life.' Thus rare congenital lesions, such as dysplasia and Ebstein's malformation of the tricuspid valve, lesions that may or may not overlap, can be differentiated.2 The pathological spectrum of these two malformations in prenatal and neonatal life has also been described and discussed.3 In our study we have compared directly the findings of fetal echocardiography and morphology in defining the diagnoses in these previous investigations,23 and ner and a medium focus 5 MHz transducer.
For the purposes of this study, the videotapes of the echocardiograms were reviewed retrospectively and the findings were analysed with respect to displacement and dysplasia of the leaflets of the tricuspid valve, valvar stenosis or regurgitation as shown by Doppler studies, associated cardiac lesions, the cardiothoracic ratio, and the dimensions of the heart. Right and left atrial heights were estimated from a typical four chamber section as the maximal distance during ventricular systole from the atrioventricular groove to the posterosuperior wall of the atrium. Ventricular dimensions were measured in diastole as the distance from the atrioventricular junction to the apex of the ventricle. The diameters of the atrioventricular junctions were taken as the maximal diastolic dimensions. The postmortem measurements were made from the heart and lungs fixed in formalin after they had been separated and weighed. The thicknesses of the free walls of the right and left ventricles were measured in their inflow components. All hearts were then sectioned to simulate the echocardiographic four chamber planes and measurements were performed as already described.
The echocardiographic and pathological measurements were then compared with the normal values for similar duration of gestation."6 As an anatomical correlation to the cardiothoracic ratio obtained echocardiographically, the ratio of the weight of the heart was taken against the combined weight of the heart and lung and related to normal values.7
To assess the agreement between echocardiographic and postmortem measurements, we plotted the difference between the methods against their mean as described by Bland malformation (congenitally corrected transposition (fig 5) ). These diagnoses had been made correctly during fetal life. Eight cases of pulmonary atresia, and one case of pulmonary stenosis, were correctly predicted echocardiographically. No obstruction within the right ventricular outflow tract was found on postmortem examination in another two cases, one in which pulmonary atresia and the other in which pulmonary stenosis had been diagnosed prenatally. Two additional instances of pulmonary stenosis were found on postmortem examination. Some degree of mitral valvar dysplasia was encountered at necropsy in four hearts, three of which also had tricuspid dysplasia, which was not seen at echocardiographic examination in two fetuses. An example of divided right atrium (cor triatriatum dexter) was found in one case at necropsy.3
CORRELATIONS OF ECHOCARDIOGRAPHIC AND NECROPSY MEASUREMENTS
The results of the echocardiographic and necropsy measurements are expressed as the mean (SD) and the comparison between the two measurements is given by the mean difference according to Bland Correlation between echocardiographic and morphological investigations of lesions of the tricuspid valve diagnosed duringfetal life which the left atrium was larger). Echocardiographically, the mean height of the right atrium (or left atrium with discordant connections) was 21 6 mm whereas that of the left (or right atrium with discordant connections) was 12 The cardiothoracic ratio as determined echocardiographically was increased in all but one fetus (mean: 0 68) when compared with values for the normal fetus. 6 The postmortem equivalent of the cardiothoracic ratio, obtained by calculating the ratio of the weight of the heart to the combined weight of heart and lungs, was also greatly increased, with a mean of 0 44 compared with a normal range of 0-25 to 0 30.7 Noticeable reduction in the thickness of the wall of the inlet component of the right ventricle was found at necropsy in six hearts with Ebstein's malformation and in three with tricuspid dysplasia. None of the previous measurements showed any correlation with this mural thinning.
Apart from the diameter of the mitral valve, the measurements taken from the specimens exceeded the values obtained by echocardiography.
Discussion
Congenital malformations of the tricuspid valve are known to show a gradation of changes, ranging from Ebstein's malformation with downward displacement of the valvar leaflets in isolation, through combinations of displacement and dysplasia, to exclusive dysplasia of normally attached leaflets.6 Irrespective of the combinations, our previous studies have shown that differentiation of dysplasia and displacement is possible in most cases, even in prenatal life.23 Our present study, combined with our previous investigations,23 shows that prenatal ultrasound in our hands is a reliable method of diagnosing the malformation of the tricuspid valve in their different variations and in assessing the sizes of chambers and vessels. Thus different combinations ofmalformations afflicting the tricuspid valve may be readily defined by means of fetal echocardiography even before the midpoint of gestation. Failure to differentiate the two lesions was, apart from one case, related to lack of recognition of minor degrees of valvar displacement in Ebstein's malformation, or to the presence of extremely rare malformations of the valve, such as dual formation of the leaflets. This is difficult to assess echocardiographically even in postnatal life. The most common haemodynamic abnormality in either Ebstein's malformation or tricuspid dysplasia is valvar regurgitation as caused by dysplasia or even absence of the leaflets.'0 Echocardiographic determination of the degree of dysplasia was usually correct, whereas detection of lack of the leaflets was not. This is not unexpected, as recognition of absence of leaflets is rare at present during postnatal life. " The haemodynamic consequence of these anomalies, none the less, can be shown with precision by Doppler echocardiography, which showed tricuspid regurgitation in all fetuses. The combination of atrioventricular valvar insufficiency and structural heart disease is important to recognise, as it is known to indicate a poor prognosis in fetal life, especially when this results in cardiac failure prenatally. 12 Even in prenatal and neonatal hearts, the cardinal feature of displacement in Ebstein's malformation is always confined to the septal and mural leaflets.' The anterosuperior leaflet of the valve, attached normally at the atrioventricular junction, was noted to have linear attachments of the distal tension apparatus in three fetuses ofeach group.' Recognition ofthis feature is particularly important in postnatal life, as, when present, it may cause a degree of obstruction between the inlet and outlet portions of the right ventricle." Such stenosis has been correlated with early death (by three months) in infants with Ebstein's malformation." It is the subcostal coronal view that in postnatal life is the most reliable to show the anterosuperior leaflet. Similar views will be needed during fetal life if in future there is need to distinguish between focal and linear attachment ofthe anterosuperior leaflet. With respect to flow across the valve, Doppler techniques showed only regurgitation in most fetuses. Even recognising the known caveats of underestimation of the degree of obstruction, stenosis due to distal tethering was most unlikely in our cases as all leaflets were seen to be in motion and the atrioventricular junction was dilated. " The association with other cardiac lesions is known to make the prognosis in Ebstein's malformation worse.'" Because of the comparable haemodynamic consequences, this seems likely also to be the case with tricuspid dysplasia. When there was an associated malformation there was no discrepancy between prenatal and postmortem diagnoses of deficiencies of the ventricular septal structures or in the recognition of discordant atrioventricular and ventriculoarterial connections. A small ventricular septal defect was not found on the postmortem examination of one case in which it had been diagnosed echocardiographically. We presume that it had closed spontaneously during the subsequent intrauterine life.' Atrial septal defects are difficult to predict during fetal life because of the patency of the foramen ovale. Correlation of that feature with the postmortem specimens, therefore, was not attempted. Minor degrees of dysplasia of the leaflets of the mitral valve were noted in some hearts at necropsy, a feature known to accompany Ebstein's malformation when seen in postnatal life.9 '5 To our knowledge, these lesions have not previously been described in tricuspid valvar dysplasia. Perhaps not surprisingly, these minor abnormalities were not recognised during fetal echocardiography. As the degree of dysplasia was mild, we do not anticipate it to have had any haemodynamic implications. This fact also held true in one case with division of the right atrium due to persistence of the valves of the embryonic venous sinus. This feature had not been noted on cross sectional echocardiography. In haemodynamic terms, this lesion is simply an exaggeration of the anatomical arrangement usually found during fetal life and augments the right to left atrial shunt already present.
Severe obstruction at the level of the pulmonary valve was seen in two fifths of the hearts with Ebstein's malformation and in two thirds of those with valvar dysplasia. The higher incidence of obstructive lesions of the right ventricular outflow tracts has already been described in pure tricuspid dysplasia,29 and may contribute to the poor overall outcome in this group.9 Although it is extremely difficult to distinguish organic atresia from the situation where the leaflets of the pulmonary valve are held closed by the high pressure in the pulmonary arteries,"3 pulmonary atresia was correctly predicted by means of fetal echocardiography in nearly all cases. Even beyond functional atresia, recognition of pulmonary stenosis in itself may easily be a source of error at fetal scans. This is because sequential studies have shown that Doppler gradients across the pulmonary valve may increase during fetal life,2 and that stenosis can progress to atresia. ' 
